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Co., Ltd., Hefei). Powder X-ray diffraction patterns (PXRD) were acquired on a Japan Rigaku SmartLabTM rotation anode X-ray diffractometer or Holland X'Pert PRO fixed anode X-ray diffractometer equipped with graphite monochromatized Cu Kα radiation (λ = 1.54 Å). Gas sorption measurement was conducted by using an automatic volumetric adsorption equipment (Micrometritics ASAP 2020). UV-Vis absorption spectrum was recorded on a Shimadzu UV-2700 spectrophotometer and a white standard of BaSO 4 was used as a reference. The catalytic reaction products were identified and analyzed by using a Shimadzu gas chromatograph (GC-2010 Plus with a 0.25 mm × 30 m Rtx®-5 capillary column). The products were determined by using the Agilent technologies 7890A GC and a mass spectrometer Agilent technologies 5975C as detector. The light irradiation was obtained by 300 W Xenon lamp (LX300F, Japan) otherwise stated. under optimized reaction conditions. After 30 min of the reaction, the catalyst was filtered out whereas the filtrate was further reacted under identical conditions: a) the common catalytic process and b) hot filtration test.
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S2 Experimental Section
Fig. S12
The picture of the homemade testing tube for in situ ESR experiments. The liquid and gas additives can be injected by the syringe through the rubber stopper without disturbing the gas environment. Gas additives can be introduced by rotating the three-way valve as well. Gas or benzylamine can be introduced very quickly without moving the position and "in situ" results can be achieved. The light intensity with different optical single-wavelength filter (λ 0 ± 20 nm) was kept as 5 mW/cm 2 by a spectroradiometer.
